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Abstract: - This review analyzes the state-of-the-art of a Duckweed in biological wastewater treatment
that uses Duckweed and microalgae (and several prokaryotic photosynthetic cyanobacteria), with
emphasis on removing nutrients with the support of microalgae growth-promoting bacteria. Removal of
other pollutants by this technology, such as heavy metals and industrial pollutants, and technical aspects
related to this specific subfield of wastewater treatment in to the open pond technology. These study
present a general perspective of the field with most known examples from common literature,
emphasizing a practical point of view in this technologically oriented topic.
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I. INTRODUCTION
Cities consume large amount of water and produce
large amount of waste water. With these increasing
rate of the  population should be problem for the ,
quantity of wastewaters generated and for the
treatment , these increasing rate of the generation
of the waste water  beyond the treatment capacities
of the wastewater .These wastes is treatment and
disposal are increasingly becoming a problem
because cost of treatment is high. Agriculture has
always been an intrinsic part of Indian cities. In
many Indian cities, recycling of waste and sewage
water used to be a mechanically operated waste
water treatment plant. These methods are being
renamed as urban agriculture which are found to be
providing employment, food and nutrition and
helping in land management and environmental
improvement (Arceivala, 1981). The traditional
practices of recycling domestic waste water passes
through screen chamber, Grit chamber, Primary
settling tank , secondary settling tank, Activated
sludge process, being basically biological processes
and tertially process, have been in uesd in several
countries. The domestic waste water is passes
through some other treatment such as algae,
duckweed pond , fish pond based treatment, these
practices has been on the recovery of nutrients
from the wastewater. Taking ideas from these
practices and deriving from the new databases in
different disciplines of wastewater management,
aquaculture is being proposed and standardized as a
tool for treatment of domestic sewage (CIFA,
1998).Fish production in a water body is mainly
based on the food available in the Waste water,
which in turn depends upon the nutrients available
in the water. It has been considered that nitrogen
and phosphorous are the two nutrients mainly
responsible for the production and growth of fishes.
So the enrichment of these nutrients would increase
the fish production. But if it exceeds certain limit, it
may cause nuisance algal blooms, subsequently
depletion of dissolved oxygen (DO) and fish kill
etc. (Edwards et al., 1990).
Proper design of an aquaculture farm is required
for efficient use of the resources available in the
sewage water. By the proper design only, we can
use more effectively and more efficiently the
available water resources and the land area. In
India a lot of fish farms are running by using
sewage water but there is no proper designed
sewage-fed aquaculture farm, in the laterite soil
zone, is available. This study was formulated to
make a proper design of an aquaculture farm by
using sewage water in laterite soil zone. There is a
tremendous need to develop reliable technologies
for the treatment of domestic wastewater in
developing countries. Such treatment systems must
fulfill many requirements, such as simple design,
use of non-sophisticated equipment, high treatment
efficiency, and low operating and capital costs. In
addition, consonant with population growth and
increase in urbanization, the cost and availability of
land is becoming a limiting factor, and ‘‘footprint
size’’ is increasingly becoming important in the
choice of a treatment system (Ghosh et al., 1995).
The use of constructed wetlands to treat non-point
pollution and wastewater has been investigated in
numerous general studies (Hammer, 1989; Cooper
and Findlater, 1990; Olson and Marshall, 1992;
Moshiri, 1993; Kadlec and Knight, 1996; and
references therein). More concrete problems have
been researched recently (e.g. Pant et al., 2001;
Gómez Cerezo et al., 2001); Braskerud, 2002a,b;
Söderqvist, 2002; Pant and Reddy, 2003). Most of
the key processes involved in the macrophyte-
based wastewater treatment are well documented:
organic matter retention (e.g. Nguyen, 2000),
nutrients removal (e.g. Mitsch et al., 2000; and
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references therein) and pathogen reduction (e.g.
Perkins and Hunter, 2000). Different technologies
have been successfully used; each one is unique
(Reddy and DeBusk, 1985; Mara et al., 1992, 1998,
Kadlec, 1995; Cadelli et al., 1998; Younger et al.,
1998)
II. LITERATURE REVIEW
Serious interests in natural methods for wastewater
treatment have reemerged. The using of
aquaculture systems as engineered systems in
wastewater (domestic and industrial) treatment and
recycling has increased enormously over the past
few years, they are designed to achieve specific
wastewater treatment and can simultaneously solve
the environmental and sanitary problems and may
also be economically efficient.
Lagoon-based wastewater treatment systems have
been used around the world for both municipal and
industrial applications. These systems are attractive
due to their low operating cost, in-situ solids
storage capabilities, and low operator attention
requirements. Where land availability and proper
topography permit, lagoon-based systems are the
preferred process solution for secondary treatment,
which reduces both biochemical oxygen demand
(BOD) and total suspended solids (TSS) of the
wastewater (Vikram M Pattarkine,, et.al. 2006) .In
this paper presence of algae in the aerobic and
facultative zones is essential to the successful
performance of facultative ponds. In sunlight, the
algal cells utilize CO2 from the water and release
O2 produced from photosynthesis. On warm, sunny
days, the oxygen concentration in the surface water
can exceed saturation levels. Conversely, oxygen
levels are decreased at night. In addition, the pH of
the near surface water can exceed 10 due to the
intense use of CO2 by algae, creating conditions
favorable for ammonia removal via volatilization.
This photosynthetic activity occurs on a diurnal
basis, causing both oxygen and pH levels to shift
from a maximum in daylight hours to a minimum
at night.  The oxygen, produced by algae and
surface re aeration, is used by aerobic and
facultative bacteria to stabilize organic material in
the upper layer of water. Anaerobic fermentation is
the dominant activity in the bottom layer in the
lagoon. In cold climates, oxygenation and
fermentation reaction rates are significantly
reduced during the winter and early spring and
effluent quality may be reduced to the equivalent of
primary effluent when an ice cover persists on the
water surface. As a result, many states in the
northern United States and Canada prohibit
discharge from facultative lagoons during the
winter( Leslie R. Kryder,2007).In this paper  it is
well known that microalgae play an important role
in the treatment of domestic wastewater with
maturation ponds or municipal wastewater with
small and middle-scale facultative or aerobic
ponds. In this study, and the aim of the work was to
study the feasibility of removing nitrogen and
phosphorus by algal-based immobilization
technology ( Shengbing He, et.al.,2010). In this
study, the growth of duckweed was assessed in
laboratory scale experiments. They were fed with
municipal and industrial wastewater at constant
temprature. COD, total nitrogen (TN), total
phosphorus (TP) and ortho phosphate (OP)
removal efficiencies of the reactors were monitored
by sampling influent and effluent of the system.
Removal efficiency in this study reflects optimal
results: 73-84% COD removal, 83-87% TN
removal, 70-85% TP removal and 83-95% OP
removal (Nihan Ozengin et.al.,2007).Vegetation
plays an important role in wastewater treatment
wetlands. Plants provide a substrate for
microorganisms, which are the most important
processors of wastewater contaminants. Plants also
provide microorganisms with a source of carbon.
Stands of vegetation reduce current velocity,
allowing solids to settle out of the water column.
Plants assimilate nutrients, but as the plants
senesce, some nutrients are released back into the
water. A portion of the nutrients is retained in the
undecomposed fraction of the plant litter and
accumulates in the soils. Plants oxygenate the root
zone by release of oxygen from their roots, and
provide aerobic microorganisms a habitat within
the reduced soil (Hans Brix,2003).A pilot plant
experiment was carried out to assess differences in
environmental conditions andtreatment
performance in two systems for wastewater
treatment: algae-based ponds (ABP) and duckweed
based (Lemna gibba) ponds (DBP) ( O.R. Zimmo ,
et.al.,2002).In these study observed that
phosphates, nitrates, pH, biological oxygen
demand, iron, conductivity, chemical oxygen
demand, turbidity, total dissolved solids and total
suspended solids are reduced in the permissible
limit except phosphorous (J.M. Dalu, et.al.,2003).
A duckweed-based pond, conventional algal-based
‘open’ pond, and  rock filter are attached in the
treatment process are advanced pond treatment
system ( M.D. Short , et.al.,2010) . This study was
conducted to investigate the efficiency of
duckweed (Lemna gibba) in treating a domestic
wastewater and to develop an integrated kinetic
model for organic and nutrient removal by
duckweed-based wastewater treatment ( K.C. Bal
Krishna, et.al.,2008). In these study observed that
following parameter in limit BOD, COD, Temp,
Ph, DO. In these process Algae and Duckweed
pond  are Harvested and it is disposed of as sewage
sludge i.e. composting and Biogas ( L. Bonomo ,
et.al.,2008). In these study integrated pond system,
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consisting of duckweed and algae ponds, was
investigated for duckweed production and for
further treatment of an-aerobically treated domestic
wastewater (Peter van der Steen, et.al.,1998). In
these research  a second-stage processing, included
duckweed lagoon as a polishing stage, as an
appropriate technology for treating the domestic
wastewater generated by small communities in the
economical (G. Badalians Gholikandi,
et.al.,2009).In these study for Wastewater recycle
for irrigation purpose used, because of algae are
photosynthesis process and they are economical
(Madiha Zakria , et.al.,2011) . Microalgae culture
culture are generally  automatically developed in
waste water treatment process  and the treatment
process are converted to the tertiary biotreatment
and their process outcome higher sides N,P,K
values (N. Abdel-Raouf, et.al.,2012) . Algae
harvesting is recycled and the lots of energy
recovered from that algae harvesting (James W.
Richardson, et.al.,2012) . In these study the Settle
able solids in pond are used for fishes  food and the
parameter such as BOD, DO are reduced  with in
limit (Peter Aderemi Adeoye, et.al.,2012). Using of
fishes the waste water treatment and recovery of
N.P.K. values ( Miroslav Colic, et.al.,2012) .In
these study the discussion regarding the
temperature condition are vary from some degree
then it is affected to the treatment process (.
Evonne P. Y. Tang, et.al. ,2012). In these paper
studied about the removal toxic element by Algae
(a red marine macroalgae,) (Ahmed El Nemr, et.al.
,2010).The algal beads used as bioreactor and
effectively achieved complete removal of NH4+-N
(M. S. Abdel Hameed,2007).
Algae were cultivated in artificial wastewater tank
and then these cultured observed under different
lighting condition (Kwangyong Lee, et.al, 2001). In
these syudy they are used stabilization pond in
three stage plant is designs and they are used
aquatic plant i.e. Algae (Gemma Ansola, et.al.
,(2003). The constructed wetland (CW) has been
purification of waste waters and efficiently reduce
high waste water COD and BOD(  Dani Vrhovsek,
et.al.,1996) .This paper is studied that
economically treatment of  waste water by algal
turf scrubber treatment technology (24. C. Pizarro,
et.al. 2006). This study based on cleaning of water
and remove CO2 from the atmosphere (Walter
Adey, et.al. 2008). These study on Aquaculture and
their used in treatment process for cost saving
(John Todd, et.al.,2008).In these studied that the
Non conventional treatment plant and the process
by fish, phyto-synthesis process ( M D Ansal,
et.al.,2010) .In this study, the use of algae and
duckweed ponds as post-treatment for textile
wastewater has been evaluated under the
hypothesis that differing conditions such as pH,
redox potential and dissolved oxygen in these
ponds would lead to different heavy metal removal
efficiencies (Christian B. Sekomo ,et,ai.,2012).
This paper investigates the influence of recycling
gravity harvested algae on species dominance and
harvest efficiency in wastewater treatment High
Rate Algal Ponds (HRAP) (J.B.K. Park,et,al,2011).
A UASB-septic tank followed by three parallel
pond systems each consisting of three stabilization
ponds of equal depth and with the same hydraulic
retention time (HRT) . The setting was intended to
investigate the effect of pond depth on the
performance of algae-based ponds (ABPs). The
depth of the ponds in the first, second and third
systems (Ashraf A. Isayed, et,al,2008). Microalgae
are mostly suspension-type microorganisms and
very efficient solar energy converters that can
produce massive blooms. For decades, they have
demonstrated that they can produce a great variety
of useful secondary metabolites (Lebeau and
Robert, 2006; Moreno-Garrido, 2008). Potentially
useful as treating agents for wastewater (de-Bashan
and Bashan, 2004). An immobilized cell is defined
as a living cell that, by natural or artificial means,
is prevented from moving independently from its
original location to all parts of an aqueous phase of
a system (Tampion and Tampion, 1987). Six
different immobilization types have been defined:
covalent coupling, affinity immobilization,
adsorption, confinement in liquid– liquid emulsion,
capture behind semi-permeable membrane, and
entrapment in polymers (Mallick, 2002).
Immobilation can be grouped as ‘‘passive” (using
the natural tendency of microorganisms to attach to
surfaces – natural or synthetic – and grow on them)
and ‘‘active” (flocculant agents, chemical
attachment, and gel encapsulation) (Cohen, 2001;
Moreno-Garrido,2008). Immobilization in chitosan
protected the cell walls of Synechococcus sp.
against NaOH toxicity. Immobilized cells showed
better growth than free cell cultures (Aguilar-May
et al., 2007).Microalgae are beneficiaries of
immobilization. Immobilization in alginate of the
wallless marine microalga Dunaliella tertiolecta in
hypersaline medium produce significant amounts
of glycerol (Grizeau and Navarro,1986 )
.Immobilization of Dunaliella salina in agar–agar
significantly improved production of glycerol, in
comparison with free-living cells (Thakur and
Kumar, 1999). Immobilization of the marine
diatom Haslea ostrearia in a tubular agar gel layer
increase synthesis of marennin, a blue-green
pigment involved in commercial culturing of
oysters (Lebeau et al., 2000). Removal of
phosphates can also be achieved by air stripping
CO2 from anaerobic effluents (Kalyuzhnyi et
al.,2003). A Biological removal of nutrients
involves bacterial and microalgal processes. The
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only commercial biological process is the
Enhanced Biological Phosphorus Removal (EBPR)
process by bacteria ( de-Bashan and Bashan ,2004)
. The use of constructed wetlands to treat non-point
pollution and wastewater has been investigated in
numerous general studies (Hammer, 1989; Cooper
and Findlater, 1990; Olson and Marshall, 1992;
Moshiri, 1993; Kadlec and Knight, 1996).
Microalgae havea high capacity for inorganic
nutrient uptake (Talbot & de la No¨ue, 1993; Blier
et al., 1995)Duckweed is one of the most promising
fecal macrophytes for use in sustainable
wastewater treatment(Korner et al.).
III. CONCLUSION
Duckweed species perform differently on different
types of wastewater, with fat duckweed and great
duck- weed showing practical potential on
domestic wastewater. The toxicity of total
ammonia, a major constituent of domestic
wastewater, to duckweed is a result of both ionized
and un-ionized forms at low NH3 concentrations.
Relative growth rates of fat duckweed decrease
linearly  with increasing NH3 concentrations up to
a maximum level (8 mg N L_1), above which
duckweed was found  to die. Fat duckweed can be
used to treat wastewater containing high total
ammonia concentrations as long as pH levels do
not exceed a level of about 8. The degradation of
organic material in terms of COD (and therefore
also of BOD) is faster in shallow duckweed
covered batch wastewater treatment systems
compared with uncovered systems.
IV. ACKNOWLEDGEMENT
The authors would like to thank Dr. Ashok G.
Mattani, Government college of Engineering
Amravati and The Maharashtra State Government
Research Center at Amravati University.
REFRENCE
[1]. Abdel Hameed, M.S., 2006. Continuous
removal and recovery of lead by alginate
beads, free and alginate-immobilized
Chlorella vulgaris. Afr. J. Biotechnol. 5,
1819–1823
[2]. Abdel Hameed, M.S., 2007. Effect of algal
density in bead, bead size and bead
concentrations on wastewater nutrient
removal. Afr. J. Biotechnol. 6, 1185–1191.
[3]. Abdel-Raouf, N., Ibraheem, I.B.M.,
Hammouda, O., 2003. Eutrophication of
River Nile as indicator of pollution. In: Al-
Azhar Bull. of Sci., Proceeding of 5th Int.
Sci. Conf. 25–27 March 2003, pp. 293–306.
[4]. Abdulayef, D. A. 1969. "The Use of
Common Duckweed as Green Feed for
Chickens." Uzbekskii Biologicheskii Zournal
(USSR) 13(3): 42.
[5]. Abe, K., Matsumura, I., Imamaki, A.,
Hirano, M., 2003. Removal of inorganic
nitrogen sources from water by the algal
biofilm of the aerial microalga Trentepohlia
aurea. World J. Microbiol. Biotechnol. 19,
325–328.
[6]. Abel, P.D., 1989. Water pollution biology.
Ellis Horwood Series in Wastewater
Technology. Ellis Horwood Ltd., John
Wiley & Sons, Chichester.
[7]. Adey, W.H., 1982. Algal turf scrubber. USA
Patent No. 4333,263.
[8]. Adey, W.H., Luckett, C., Smith, M., 1996.
Purification of industrially contaminated
groundwaters using controlled ecosystems.
Ecol. Eng. 7, 191–212.
[9]. Afkar, A., Ababna, H., Fathi, A.A., 2010.
Toxicological response of the green alga
Chlorella vulgaris to some heavy metals.
Am. J.Environ. Sci. 6 (3), 230–237.
[10]. Aguilar-May, B., Sánchez-Saavedra, M.P.,
2009. Growth and removal of nitrogen and
phosphorus by free living and chitosan-
immobilized cells of the marine
cyanobacterium Synechococcus elongates. J.
Appl. Phycol. 21, 353–360.
[11]. Aguilar-May, B., Sánchez-Saavedra, M.P.,
Lizardi, J., Voltolina, D., 2007. Growth of
Synechococcus sp. immobilized in chitosan
with different times of contact with NaOH.
J. Appl. Phycol. 19, 181–183.
[12]. Ajjabi, L.C., Chouba, L., 2009. Biosorption
of Cu+2 and Zn2+ from aqueous solutions
by dried marine green macroalga
Chaetomorphalinum. J. Eniron. Manage. 90,
3485–3489.
[13]. Akhtar, N., Iqbal, J., Iqbal, M., 2004a.
Removal and recovery of nickel(II) from
aqueous solution by loofa sponge-
immobilized biomass of Chlorella
sorokiniana: characterization studies. J.
Hazard. Mater. 108, 85–94.
[14]. Akhtar, N., Iqbal, J., Iqbal, M., 2004b.
Enhancement of lead(II) biosorption by
microalgal biomass immobilized onto loofa
(Luffa cylindrica) sponge. Eng. Life Sci. 4,
171–178.
[15]. Akhtar, N., Iqbal, M., Zafar, S.I., Iqbal, J.,
2008. Biosorption characteristics of
unicellular green alga Chlorella sorokiniana
immobilized in loofa sponge for removal of
Cr(III). J. Environ. Sci. 20, 231–239.
Ashtashil V Bhambulkar* et al.
(IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH
Volume No.2, Issue No. 4, June – July 2014, 1139 – 1150.
2320 –5547 @ 2013 http://www.ijitr.com All rights Reserved. Page | 1143
[16]. Akhtar, N., Saeed, A., Iqbal, M., 2003.
Chlorella sorokiniana immobilized on the
biomatrix of vegetable sponge of Luffa
cylindrica: a new system to remove
cadmium from contaminated aqueous
medium. Bioresour. Technol. 88, 163– 165.
[17]. Aksu, Z., 2005. Application of biosorption
for the removal of organic pollutants: a
review. Process Biochem. 40, 997–1026.
[18]. Aksu, Z., Egretli, G., Kutsal, T., 1998. A
comparative study of copper(II) biosorption
on Ca-alginate, agarose and immobilized C.
vulgaris in a packed-bed column. Process
Biochem. 33, 393–400.
[19]. Al-Rub, F.A.A., El-Naas, M.H., Benyahia,
F., Ashour, I., 2004. Biosorption of nickel
on blank alginate beads, free and
immobilized algal cells. Process Biochem.
39, 1767–1773.
[20]. Aslan, S., Kapdan, I.K., 2006. Batch kinetics
of nitrogen and phosphorus removal from
synthetic wastewater by algae. Ecol. Eng.
28, 64–70.
[21]. Ashtashil V. Bhambulkar et al, Aqua Plant -
Based Sewage Treatment Plants: Review,
Int. Journal of Engineering Research and
Application, Vol. 3, Issue 5, Sep-Oct 2013,
pp.1290-1301
[22]. Avery, S.V., Codd, G.A., Gadd, G.M., 1993.
Salt-stimulation of caesium accumulation in
the euryhaline microalga Chlorella salina:
potential relevance to the development of a
biological Cs-removal process. J. Gen.
Microbiol. 139, 2239–2244.
[23]. Azov, Y., Shelef, G., 1987. The effect of pH
on the performance of the high-rate
oxidation ponds. Water Sci. Technol. 19
(12), 381–383.
[24]. Baeza-Squiban, A., Bouaicha, N., Santa-
Maria, A., Marano, F.,1990. Demonstration
of the excretion by Dunaliella bioculata of
esterases implicated in the metabolism of
Deltamethrin, a pyrethroid insecticide. Bull
Environ. Contam. 45, 39–45.
[25]. Bashan, Y., 1986. Alginate beads as
synthetic inoculant carriers for the slow
release of bacteria that affect plant growth.
Appl. Environ. Microbiol. 51, 1089–1098.
[26]. Bashan, Y., 1998. Inoculants of plant
growth-promoting bacteria for use in
agriculture. Biotechnol. Adv. 16, 729–770.
[27]. Bashan, Y., de-Bashan, L.E., 2005.
Bacteria/plant growth-promotion. In: Hillel,
D. (Ed.), Encyclopedia of Soils in the
Environment, vol. 1. Elsevier, Oxford, UK,
pp. 103–115.
[28]. Bashan, Y., Gonzalez, L.E., 1999. Long-
term survival of the plant growth-promoting
bacteria Azospirillum brasilense and
Pseudomonas fluorescens in dry alginate
inoculant. Appl. Microbiol. Biotechnol. 51,
262–266.
[29]. Bashan, Y., Hernandez, J.-P., Leyva, L.A.,
Bacilio, M., 2002. Alginate microbeads as
inoculant carrier for plant growth-promoting
bacteria. Biol. Fertil. Soils 35, 359– 368.
[30]. Bashan, Y., Holguin, G., de-Bashan, L.E.,
2004. Azospirillum–plant relationships:
physiological, molecular, agricultural, and
environmental advances (1997– 2003). Can.
J. Microbiol. 50, 521–577.
[31]. Bayramog˘lu, G., Arica, M.Y., 2009.
Construction a hybrid biosorbent using
Scenedesmus quadricauda and Ca-alginate
for biosorption of Cu(II), Zn(II) and Ni(II):
kinetics and equilibrium studies. Bioresour.
Technol. 100, 186–193.
[32]. Bayramog˘lu, G., Tuzun, I., Celik, G.,
Yilmaz, M., Arica, M.Y., 2006. Biosorption
of mercury(II), cadmium(II) and lead(II)
ions from aqueous system by microalgae
Chlamydomonas reinhardtii immobilized in
alginate beads. Int. J. Miner. Process. 81,
35–43.
[33]. Benemann, J.R. 1989. The future of
microalgal biotechnology. In: Cresswell,
R.C., Rees, T. A.V., Shah, N. (Eds.), Algal
and Cyanobacterial Biotechnology.
Longman, England, pp. 317 337.
[34]. Bhat, S.V., Melo, J.S., Chaugule, B.B.,
Souza, S.F.D., 2008. Biosorption
characteristics of uranium (VI) from
aqueous medium onto Catenella repens, a
red alga. J. Hazard. Mater.158, 628–635.
[35]. Blackburn, R., and D. L. Sutton. 1971.
"Growth of the White Amur
(Ctenopharyngodon idella Val.) on Selected
Species of Aquatic Plants." In Proceedings
of the European Weed Research Council,
3rd International Symposium on Aquatic
Weeds.
[36]. Blanco, A., Sanz, B., Llama, M.J., Serra,
J.L., 1999. Biosorption of heavy metals to
immobilized Phormidium laminosum
biomass. J. Biotechnol. 69, 227–240.
[37]. Blier, R., Laliberte, G., De la Nou¨ e, J.,
1995. Tertiary treatment of cheese factory
anaerobic effluent with Phormidium bohneri
Ashtashil V Bhambulkar* et al.
(IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH
Volume No.2, Issue No. 4, June – July 2014, 1139 – 1150.
2320 –5547 @ 2013 http://www.ijitr.com All rights Reserved. Page | 1144
and Micractinium pusillum. Bioresour.
Technol. 52, 151–155.
[38]. Bocci, F., Ttorzillo, G., Vincenzini, M.,
Materassi, R., 1988. Growth physiology of
Spirulina platensis in tubular
photobioreactor under natural light. In:
Stadler, T., Mollion, J., Verdus, M.C.,
Karamanos, Y., Morvan, H., Christiaen, D.
(Eds.), Algal Biotechnology. Eelsevier
Applied Science, London, pp. 15–26.
[39]. Bogan, R.H., Albertson, O.E., Pluntz, J.C.,
1960. Use of algae in removing phosphorus
from sewage. Proc. Am. Soc. Civil Engrs.
J.Saint. Eng. Div., SA5 86, 1–20.
[40]. Borowitzka, L.J. (Eds.), Micro-algal
Biotechnology. Cambridge University Press,
Borowitzka, L.J., 1991. Algal biomass and
its commercial utilization. In: Proceedings of
a Seminar held at Murdoch Univ. Western
Australia, 29th November, 53–60.
[41]. Borowitzka, L.J., Borowitzka, M.A., 1989b.
Industrial production: methods and
economics. In: R.C. Cresswell, T.A.V. Rees,
N. Shah (Eds.), Algal and Cyanobacterial
Biotechnology. Longman Scientific,London,
pp. 244–316.
[42]. Borowitzka, M.A., Borowitzka, L.J., 1988.
Microalgal biotechnology. Cambridge Univ.
Press, Cambridge. Borowitzka, L.J.,
Borowitzka, M.A., 1989a. Carotene
(Provitamin A) production with algae. In:
Vandamme, E.J. (Ed.), Biotechnology of
Vitamins, Pigments and Growth Factors.
Elsevier Applied Science,London, pp. 15–
26.
[43]. Bosman, J., Hendricks, F., 1980. The
development of an algal pond system for the
removal of nitrogen from an inorganic
industrial; effluent. In: Proc. Int. Symp. On
Aquaculture in WastewaterNIWP, CSIR,
Pretoria, pp. 26–35.
[44]. Brandenberger, H., Widmer, F., 1998. A
new multi nozzle encapsulation/
immobilization system to produce uniform
beads of alginate. J. Biotechnol. 63, 73–80.
[45]. Brune, D.E., Lundquist, T.J., Benemann,
J.R., 2009. Microalgal biomass for
greenhouse gas reductions: Potential for
replacement of fossil fuels and animal feeds.
J. Environ. Eng. 135, 1136–1144.
[46]. Buck, H., R. J. Baur, and C. R. Rose. 1978.
"Polyculture of Chinese Carps in Ponds with
Swine Wastes." In Smitherman, et al., eds.,
Symposium on Culture of Exotic Fishes 144-
55. Auburn, Alabama: American Fisheries
Society.
[47]. Buddhavarapu, L. R. and S. J. Hancock.
1991. "Advanced Treatment for Lagoons
Using Duckweed." Water Environment &
Technology, Water Pollution Control
Federation. March 1991: 41-44.
[48]. Buitelaar, R.M., Bucke, C., Tramper, J.
(Eds.), Immobilized Cells: Basics and
Applications. Elsevier Science B.V., pp.
410–415.
[49]. Burlew, J.S., 1953. Algal culture from
Laboratory to Pilot Carnegie Institution of
Washington Publication 600, Washington.
[50]. Cai-XiaoHua, Traina, S.J., Logan, T.J.,
Gustafson, T., Sayre, R.T., Cai, X.H., 1995.
Applications of eukaryotic algae for the
removal of heavy metals from water. Mol.
Mar. Biol. Biotechnol. 4 (4), 338–344.
[51]. Cañizares, R.O., Domínguez, A.R., Rivas,
L., Montes, M.C., Travieso, L., Benítez, F.,
1993. Free and immobilized cultures of
Spirulina maxima for swine waste treatment.
Biotechnol. Lett. 15, 321–326.
[52]. Cañizares, R.O., Rivas, L., Montes, C.,
Dominguez, A.R., Travieso, L., Benitez, F.,
1994. Aerated swine-wastewater treatment
with j-carrageenan-immobilized Spirulina
maxima. Bioresour. Technol. 47, 89–91.
[53]. Cañizares-Villanueva, R.O., Gonzalez-
Moreno, S., Domınguez-Bocanegra, A.R.,
2001. Growth, nutrient assimilation and
cadmium removal by suspended and
immobilized Scenedesmus acutus cultures:
influence of immobilization matrix. In:
Chen, F., Jiang, Y. (Eds.), Algae and their
Biotechnological Potential. Kluwer
Publishers, Dordrecht, Netherlands, pp. 147–
161.
[54]. Cañizares-Villanueva, R.O., Martínez-
Jerónimo, F., Espinosa-Chávez, F., 2000.
Acute toxicity to Daphnia magna of
effluents containing Cd, Zn, and a mixture
Cd–Zn, after metal removal by Chlorella
vulgaris. Environ. Toxicol. 15, 160–164.
[55]. Carpenter, M., Robertson, J., Skierkowski,
P., 1989. Biodegradation of an oily bilge
waste using algae. In: Biotreatment. The use
of microorganisms in the treatment of
hazardous materials and hazardous wastes.
O., The Hazardous Materials Control
Research Institute, pp. 141–150.
[56]. Cassidy, M.B., Lee, H., Trevors, J.T., 1996.
Environmental application of immobilized
cells: a review. J. Ind. Microbiol. 16, 79–
100.
Ashtashil V Bhambulkar* et al.
(IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH
Volume No.2, Issue No. 4, June – July 2014, 1139 – 1150.
2320 –5547 @ 2013 http://www.ijitr.com All rights Reserved. Page | 1145
[57]. Chaillan, F., Gugger, M., Saliot, A., Couté,
A., Oudot, J., 2006. Role of cyanobacteria in
the biodegradation of crude oil by a tropical
cyanobacterial mat. Chemosphere 62, 1574–
1582.
[58]. Chaumont, D., 1993. Biotechnology of algal
biomass production: a review of systems for
outdoor mass culture. J. Appl. Phycol. 5,
593–604.
[59]. Chen, Y.-C., 2001. Immobilized microalga
Scenedesmus quadricauda (Chlorophyta
Chlorococcales) for long-term storage and
application for water quality control in fish
culture. Aquaculture 195, 71–80.
[60]. Chen, Y.-C., 2003. Immobilized Isochrysis
galbana (Haptophyta) for long-term storage
and applications for feed and water quality
control in clam (Meretrix lusoria) cultures. J.
Appl. Phycol. 15, 439–444.
[61]. Chen, Y.-C., 2007. Immobilization of twelve
benthic diatom species for long-term storage
and as feed for post-larval abalone Haliotis
diversicolor. Aquaculture 263, 97–106.
[62]. Chevalier, P., de la Noüe, J., 1985a.
Wastewater nutrient removal with
microalgae immobilized in carrageenan.
Enzyme Microb. Technol. 7, 621–624.
[63]. Chevalier, P., de la Noüe, J., 1985b.
Efficiency of immobilized
hyperconcentrated algae for ammonium and
orthophosphate removal from wastewaters.
Biotechnol. Lett. 7, 395–400.
[64]. Colloid Interface Sci. 249, 295–300.
[65]. Culley, D. D., and E. A. Epps. 1973. "Uses
of Duckweed for Waste Treatment and
Animal Feed." Journal of the Water
Pollution Control Federation 45(2): 337-47.
[66]. de-Bashan, L.E., Trejo, A., Huss, V.A.R.,
Hernandez, J.-P., Bashan, Y., 2008c.
Chlorella sorokiniana UTEX 2805, a heat
and intense, sunlight-tolerant microalga with
potential for removing ammonium from
wastewater. Bioresour. Technol. 99, 4980–
4989.
[67]. Dönmez, G., Aksu, Z., 2002. Removal of
chromium(VI) from saline wastewaters by
Dunaliella species. Process Biochem. 38,
751–762.
[68]. Donnert, D., Salecker, M., 1999. Elimination
of phosphorus from waste water by
crystallization. Environ. Technol. 20, 735–
742.
[69]. Dueñas, J.F., Alonso, J.R., Rey, A.F., Ferrer,
A.S., 2003. Characterisation of phosphorous
forms in wastewater treatment plants. J.
Hazard. Mater. 97, 1–3.
[70]. entrapment and adsorption in polyurethane
foams. Appl. Microbiol. Biotechnol.29,
141–147.
[71]. Faafeng, B.A., van Donk, E., Källqvist, S.T.,
1994. In situ measurement of algal growth
potential in aquatic ecosystems by
immobilized algae. J. Appl. Phycol. 6, 301–
308.
[72]. Fierro, S., Sánchez-Saavedra, M.D.P.,
Copalcúa, C., 2008. Nitrate and phosphate
removal by chitosan immobilized
Scenedesmus. Bioresour. Technol. 99,
1274– 1279.
[73]. Gadd, G.M., 2009. Biosorption: critical
review of scientific rationale, environmental
importance and significance for pollution
treatment. J. Chem. Technol. Biotechnol. 84,
13–28.
[74]. Garbayo, I., Braban, C., Lobato, M.V.,
Vilchez, C., 1996. Nitrate uptake by
immobilized growing Chlamydomonas
reinhardtii cells. In: Wijffels, R.H.,
[75]. Garbisu, C., Gil, J.M., Bazin, M.J., Hall,
D.O., Serra, J.L., 1991. Removal of nitrate
from water by foam-immobilized
Phormidium laminosum in batch and
continuousflow bioreactors. J. Appl. Phycol.
3, 221–234.
[76]. Granham, G.W., Codd, G.A., Gadd, G.M.,
1992. Accumulation of cobalt, zinc and
manganese by the esturine green microalga
Chlorella salina immobilized in alginate
microbeads. Environ. Sci. Technol. 26,
1764–1770.
[77]. Greene, B., Bedell, G.W., 1990. Algal gels
or immobilized algae for metal recovery. In:
Akatsuka, I. (Ed.), Introduction to Applied
Phycology. SPB Academic Publishing, The
Hague, Netherlands, pp. 137–149.
[78]. Grizeau, D., Navarro, J.M., 1986. Glycerol
production by Dunaliella tertiolecta
immobilized within Ca-alginate beads.
Biotechnol. Lett. 8, 261–264.
[79]. H1 isolated from freshwater (Mogan Lake).
Bioresour. Technol. 99, 4185–4191.
[80]. Hanh, N.-N., Canh, T.-M., 2007. Sol–gel
process for vegetal cell encapsulation.
Mater. Sci. Eng. 27, 607–611.
[81]. Harvey, R. M., and J. L. Fox. 1973.
"Nutrient Removal Using Lemna Minor."
Journal of the Water Pollution Control
Federation 45(9): 1928-38.
Ashtashil V Bhambulkar* et al.
(IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH
Volume No.2, Issue No. 4, June – July 2014, 1139 – 1150.
2320 –5547 @ 2013 http://www.ijitr.com All rights Reserved. Page | 1146
[82]. Hernandez, J.-P., de-Bashan, L.E., Bashan,
Y., 2006. Starvation enhances phosphorus
removal from wastewater by the microalga
Chlorella spp. co-immobilized with
Azospirillum brasilense. Enzyme Microb.
Technol. 38, 190–198.
[83]. Hernandez, J.-P., de-Bashan, L.E.,
Rodriguez, D.J., Rodriguez, Y., Bashan, Y.,
2009. Growth promotion of the freshwater
microalga Chlorella vulgaris by the
nitrogen-fixing, plant growth-promoting
bacterium Bacillus pumilus from arid zone
soils. Eur. J. Soil Biol. 45, 88–93.
[84]. Huang, G.L., Huang, G.L., Wang, Y., Wang,
Y., 2003. Nitrate and phosphate removal by
co-immobilized Chlorella pyrenoidosa and
activated sludge at different pH values.
Water Qual. Res. J. Can. 38, 541–551.
[85]. Huismann, E. A. 1979. "The Culture of
Grass Carp (Ctenopharyngodon idella Val.)
Under Artificial Conditions." In Finfish and
Fishfeed Technology. Halver, J. E., and K. J.
Tiews, eds., 491-500. Berlin: Heinemann
Verlagsgesellschaft.
[86]. Hunik, J.H., Tramper, J., 1993. Large-scale
production of j-carrageenan droplets for gel-
bead production: theoretical and practical
limitations of size and production rate.
Biotechnol. Prog. 9, 186–192.
[87]. Iqbal, M., Zafar, S.I., 1997. Palm petiolar
felt-sheath as a new and convenient material
for the immobilization of microalgal cells. J.
Ind. Microbiol. Biotechnol.19, 139–141.
[88]. Jauncey, K., and A. Matty. 1979. "Mirror
Carp - Fast Grower With Room for
Expansion." Fish Farmer 2(5): 29.
[89]. Jeanfils, J., Canisius, M.-F., Burlion, N.,
1993. Effect of high nitrate concentrations
on growth and nitrate uptake by free-living
and immobilized Chlorella vulgaris cells. J.
Appl. Phycol. 5, 369–374.
[90]. Jeanfils, J., Thomas, D., 1986. Culture and
nitrite uptake in immobilized Scenedesmus
obliquus. Appl. Microbiol. Biotechnol. 24,
417–422.
[91]. Jimenez-Perez, M.V., Sanchez-Castillo, P.,
Romera, O., Fernandez-Moreno, D., Perez-
Martinez, C., 2004. Growth and nutrient
removal in free and immobilized planktonic
green algae isolated from pig manure.
Enzyme Microb. Technol. 34, 392–398.
[92]. Joo, D.-S., Cho, M.-G., Lee, J.-S., Park, J.-
H., Kwak, J.-K., Han, Y.-H., Bucholz, R.,
2001. New strategy for the cultivation of
microalgae using microencapsulation. J.
Microencapsul. 18, 567–576.
[93]. Joy, K. W. 1969. "Nitrogen Metabolism of
Lemna minor: Growth, Nitrogen Sources
and Amino Acid Inhibition." Plant
Physiology 44: 842.
[94]. Kalyuzhnyi, S., Sklyar, V., Epov, A.,
Arkhipchenko, I., Barboulina, I., Orlova, O.,
Kovalev, A., Nozhevnikova, A., Klapwijk,
A., 2003. Sustainable treatment and reuse of
diluted pig manure streams in Russia – from
laboratory trials to fullscale implementation.
Appl. Biochem. Biotechnol. 109, 77–94.
[95]. Kannaiyan, S., Aruna, S.J., Kumari, S.M.P.,
Hall, D.O., 1997. Immobilized
cyanobacteria as a biofertilizer for rice
crops. J. Appl. Phycol. 9, 167–174.
[96]. Katirciog˘lu, H., Aslim, B., Türker, A.R.,
Atici, T., Beyatli, Y., 2008. Removal of
cadmium(II) ion from aqueous system by
dry biomass, immobilized live and heat-
inactivated Oscillatoria sp.
[97]. Kaya, V.M., de la Noüe, J., Picard, G., 1995.
A comparative study of four systems for
tertiary wastewater treatment by
Scenedesmus bicellularis: new technology
for immobilization. J. Appl. Phycol. 7, 85–
95.
[98]. Kaya, V.M., Goulet, J., de la Noüe, J.,
Picard, G., 1996. Effect of intermittent CO2
enrichment during nutrient starvation on
tertiary treatment of wastewater by alginate-
immobilized Scenedesmus bicellularis.
Enzyme Microb. Technol. 18, 550–554.
[99]. Kaya, V.M., Picard, G., 1995. The viability
of Scenedesmus bicellularis cells
immobilized on alginate screens following
nutrient stravation in air at 100% relative
humidity. Biotechnol. Bioeng. 46, 459–464.
[100]. Kaya, V.M., Picard, G., 1996. Stability of
chitosan gel as entrapment matrix of viable
Scenedesmus bicellularis cells immobilized
on screens for tertiary treatment of
wastewater. Bioresour. Technol. 56, 147–
155.
[101]. Lee, C.M., Lu, C., Lu, W.M., Chen, P.C.,
1995. Removal of nitrogenous compounds
from wastewaters using immobilized
cyanobacteria Anabaena CH3. Environ.
Technol. 16, 701–713.
[102]. Leenen, E.J.T.M., dos Santos, V.A.P.,
Grolle, K.F.C., Tramper, J., Wijffels, R.H.,
1996. Characteristics of and selection
criteria for support materials for cell
Ashtashil V Bhambulkar* et al.
(IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH
Volume No.2, Issue No. 4, June – July 2014, 1139 – 1150.
2320 –5547 @ 2013 http://www.ijitr.com All rights Reserved. Page | 1147
immobilization in wastewater treatment.
Water Res. 30, 2985–2996.
[103]. Luan, T.G., Jin, J., Chan, S.M.N., Wong,
Y.S., Tam, N.F.Y., 2006. Biosorption and
biodegradation of tributyltin (TBT) by
alginate immobilized Chlorella vulgaris
beads in several
[104]. Maddox, J. J., L. L. Behrends, C. E.
Maxwell, and R. S. Pile. 1978. "Algae-
Swine Manure System for Production of
Silver Carp, Bighead Carp and Tilapia." In
Smitherman, et al., eds., Symposium on
Culture of Exotic Fishes. Auburn, Alabama:
American Fisheries Society. Mallick, N.,
2002. Biotechnological potential of
immobilized algae for wastewater N, P and
metal removal: a review. BioMetals 15,
377–390.
[105]. Mallick, N., Rai, L.C., 1993. Influence of
culture density, pH, organic acids and
divalent cations on the removal of nutrients
and metals by immobilized Anabaena
doliolum and Chlorella vulgaris. World J.
Microb. Biotechnol. 9, 196– 201.
[106]. Mallick, N., Rai, L.C., 1994. Removal of
inorganic ions from wastewaters by
immobilized microalgae. World J. Microb.
Biotechnol. 10, 439–443.
[107]. Matsunaga, T., Takeyama, H., Nakao, T.,
Yamazawa, A., 1999. Screening of marine
microalgae for bioremediation of cadmium
polluted seawater. J. Biotechnol. 70, 33–38.
[108]. Mbagwu, I. G., and H. A. Adeniji. 1988.
"The Nutritional Content of Duckweed
(Lemna paucicostata Hegelm.) in the Kainji
Lake Area, Nigeria." Aquatic Botany. 29:
357-66.
[109]. Megharaj, M., Pearson, H.W.,
Venkateswarlu, K., 1992. Removal of
nitrogen and phosphorus by immobilized
cells of Chlorella vulgaris and Scenedesmus
bijugatus isolated from soil. Enzyme
Microb. Technol. 14, 656–658.
[110]. Mehta, S.K., Gaur, J.P., 2001. Removal of
Ni and Cu from single and binary metal
solutions by free and immobilized Chlorella
vulgaris. Eur. J. Protistol. 37, 261– 271.
[111]. Mestayer, C. R., D. D. Culley, Jr., L. C.
Standifer, and K. L. Koonce. 1984. "Solar
Energy Conversion Efficiency and Growth
Aspects of the Duckweed, Spirodela
punctata." Aquatic Botany (Amsterdam) 19:
157-70.
[112]. Montaigne, F., Essick, P., 2002. Water
pressure. Natl. Geogr. 202, 2–33.
[113]. Moreira, S.M., Guilhermino, L., Ribeiro, R.,
2006a. An in situ assay with the microalga
Phaeodactylum tricornutum for sediment-
overlying water toxicity evaluations in
estuaries. Environ. Toxicol. Chem. 25,
2272–2279.
[114]. Moreira, S.M., Moreira-Santos, M.,
Guilhermino, L., Ribeiro, R., 2006b.
Immobilization of the marine microalga
Phaeodactylum tricornutum in alginate for in
situ experiments: bead stability and
suitability. Enzyme Microb. Technol. 38,
135–141.
[115]. Moreno-Garrido, I., 2008. Microalgae
immobilization: current techniques and uses.
Bioresour. Technol. 99, 3949–3964.
[116]. Moreno-Garrido, I., Blasco, J., González-
Del Valle, M., Lubián, L.M., 1998.
Differences in copper accumulation by the
marine microalgae Nannochloropsis
gaditana Lubián, submitted to two different
thermal treatments. Ecotox. Environ.
Restor.1, 43–47.
[117]. Murshed, S. M., S. N. Roy, D. Chakraborty,
M. Randhir, and V. G. Jhingran. 1977.
"Potential and Problems of Composite Fish
Culture Technology in West Bengal."
Bulletin of Central Inland Fishery Research
Institute (Barrackpore, India) 25: 11. Pullin,
R. S. V., T. Bhukaswan, K. Tonguthai, J. L.
McLean, eds. 1988. Second Symposium on
Tilapia in Aquaculture. Manila:
International Center for Living Aquatic
Resources Management. Schroeder, G. L.
1979. "Microorganisms As the Primary Diet
in Fish Farming." 14/15: 373-83.
Bundesforschungsamt für Fischerei.
Hamburg, Germany.
[118]. Muzafarov, A. M. 1968. "The Use of
Common Duckweed for Feeding Domestic
Birds." Uzbekskii Biologicheskii Zournal
(USSR) 12(3): 42.
[119]. Nakajima, A., Horikoshi, T., Sakaguchi, T.,
1982. Recovery of uranium by immobilized
microorganisms. Appl. Microbiol.
Biotechnol. 16, 88–91.
[120]. National Academy of Sciences. 1987. (First
printing 1976). Making Aquatic Weeds
Useful: Some Perspectives for Developing
Countries Washington, D.C. Ngo, V. 1987.
"Boosting Pond Performance with
Aquaculture." Operations Forum for
Wastewater Professionals, A WPCF
Publication, August 1987: 20-23.
[121]. Ogbonna, J.C., Yoshizawa, H., Tanaka, H.,
2000. Treatment of high strength organic
Ashtashil V Bhambulkar* et al.
(IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH
Volume No.2, Issue No. 4, June – July 2014, 1139 – 1150.
2320 –5547 @ 2013 http://www.ijitr.com All rights Reserved. Page | 1148
wastewater by a mixed culture of
photosynthetic microorganisms. J. Appl.
Phycol. 12, 277–284.
[122]. Olguin, E.J., 2003. Phycoremediation: key
issues for cost-effective nutrient removal
processes. Biotechnol. Adv. 22, 81–91.
[123]. Oron, G., and Dan Porath. 1987.
Performance of the Duckweed Species,
Lemna gibba on Municipal Wastewater for
Effluent Renovation and Protein
Production." Biotechnology and
Bioengineering 29: 258-68.
[124]. Oron, G., and Hans Willers. 1989. "Effect of
Wastes Quality on Treatment Efficiency
with Duckweed." Water Science Technology
(Amsterdam) 21: 639-45.
[125]. Oron, G., L. R. Wildschut, and Dan Porath.
1984. "Waste Water Recycling by
Duckweed for Protein Production and
Effluent Renovation." Water Science
Technology (Amsterdam) 17: 803-17.
[126]. Oswald, W.J., 1988. Micro-algae and waste-
water treatment. In: Borowitzka, M.A.,
Pellon, A., Benitez, F., Frades, J., Garcia, L.,
Cerpa, A., Alguacil, F.J., 2003. Using
microalgae scenedesmus obliquus in the
removal of chromium present in plating
wastewaters. Revista de Metalurgia (Spain)
39, 9–16.
[127]. Penetra, R.G., Reali, M.A.P., Foresti, E.,
Campos, J.R., 1999. Post-treatment of
effluents from anaerobic reactor treating
domestic sewage by dissolved-air flotation.
Water Sci. Technol. 40, 137–143.
[128]. Perales-Vela, H.V., Pena-Castro, J.M.,
Canizares-Villanueva, R.O., 2006. Heavy
metal detoxification in eukaryotic
microalgae. Chemosphere 64, 1–10.
[129]. Perez-Martinez, C., Sanchez-Castillo, P.,
Jimenez-Perez, M.V., in press. Utilization of
immobilized benthic algal species for N and
P removal. J. Appl. Phycol. doi:
10.1007/s10811-009-9456-3.
[130]. Phang, S.M., Miah, M.S., Yeoh, B.G.,
Hashim, M.A., 2000. Spirulina cultivation in
digested sago starch factory wastewater. J.
Appl. Phycol. 12, 395–400.
[131]. Porath, D., G. Oron, and G. Granoth. 1985.
"Duckweed as an Aquatic Crop: Edible
Protein Recovery, Production and
Utilization." In Proceedings of the Fifth
Symposium on Agricultural Wastes
(Publication 13). St. Joseph, Michigan:
American Society of Agricultural
Engineering. pp. 305–328.
[132]. Rai, L.C., Mallick, N., 1992. Removal and
assessment of toxicity of Cu and Fe to
Anabaena doliolum and Chlorella vulgaris
using free and immobilized cells. World J.
Microb. Biotechnol. 8, 110–114.
[133]. Rangasayatorn, N., Pokethitiyook, P.,
Upatahm, E.S., Lanza, G.R., 2004.
Cadmium by cells of Spirulina platensis
TISTR 8217 immobilized in alginate and
silica gel. Environ. Int. 30, 57–63.
[134]. Rao, S.R., Tripathi, U., Ravishankar, G.A.,
1999. Biotransformation of codeine to
morphine in freely suspended cells and
immobilized cultures of Spirulina platensis.
World J. Microb. Biotechnol. 15, 465–469.
[135]. Robinson, P.K., 1995. Effect of pre-
immobilization conditions on phosphate
uptake by immobilized Chlorella.
Biotechnol. Lett. 17, 659–662.
[136]. Robinson, P.K., Reeve, J.O., Goulding,
K.H., 1988. Kinetics of phosphorus uptake
by immobilized Chlorella. Biotechnol. Lett.
10, 17–20.
[137]. Robinson, P.K., Reeve, J.O., Goulding,
K.H., 1989. Phosphorus uptake kinetics of
immobilized Chlorella in batch and
continuous-flow culture. Enzyme Microb.
Technol. 11, 590–596.
[138]. Robinson, P.K., Wilkinson, S.C., 1994.
Removal of aqueous mercury and phosphate
by gel-entrapped Chlorella in packed-bed
reactors. Enzyme Microb. Technol. 16, 802–
807.
[139]. Rusoff, L. L., D. T. Gantt, D. M. Williams,
and J. H. Gholson. 1977. "Duckweed -
Potential Feedstuff for Cattle." Journal of
Dairy Science 6(s1): 161.
[140]. Rusoff, L. L., S. P. Zeringue, A. S.
Achacoso, and D. D. Culley. 1978. "Feed
Value of Duckweed (An Aquatic Plant:
Family Lemnaceae) for Ruminants." Journal
of Dairy Science 61(s1): 181.
[141]. Rusoff, L. L., W. W. Blakeney, and D. D.
Culley. 1980. "Duckweeds (Lemnaceae
Family): A Potential Source of Protein and
Amino Acids." Journal of Agricultural and
Food Chemistry 28: 848-50.
[142]. Saeed, A., Iqbal, M., 2006. Immobilization
of blue green microalgae on loofa sponge to
biosorb cadmium in repeated shake flask
batch and continuous flow fixed bed column
reactor system. World J. Microb.
Biotechnol. 22, 775–782.
[143]. Safonova, E., Kvitko, K.V., Iankevitch, M.I.,
Surgko, L.F., Afti, I.A., Reisser, W., 2004.
Ashtashil V Bhambulkar* et al.
(IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH
Volume No.2, Issue No. 4, June – July 2014, 1139 – 1150.
2320 –5547 @ 2013 http://www.ijitr.com All rights Reserved. Page | 1149
Biotreatment of industrial wastewater by
selected algal–bacterial consortia. Eng. Life
Sci. 4, 347–353.
[144]. Sawayama, S., Rao, K.K., Hall, D.O., 1998.
Nitrate and phosphate ion removal from
water by Phormidium laminosum
immobilized on hollow fibres in a
photobioreactor. Appl. Microbiol.
Biotechnol. 49, 463–468.
[145]. Seki, H., Suzuki, A., 2002. Adsorption of
heavy metal ions to floc-type biosorbents. J.
[146]. Semple, K.T., Cain, R.B., Schmidt, S., 1999.
Biodegradation of aromatic compounds by
microalgae. FEMS Microbiol. Lett. 170,
291–300.
[147]. Serp, D., Cantana, E., Heinzen, C., Von
Stockar, U., Marison, I.W., 2000.
Characterization of an encapsulation device
for the production of monodisperse alginate
beads for cell immobilization. Biotechnol.
Bioeng. 70, 41–53.
[148]. Shi, J., Podola, B., Melkonian, M., 2007.
Removal of nitrogen and phosphorus from
wastewater using microalgae immobilized
on twin layers: an experimental study. J.
Appl. Phycol. 19, 417–423.
[149]. Shireman, J. V., 1978. "Growth of Grass
Carp Fed Natural and Prepared Diets Under
Intensive Culture." Journal of Fish Biology
12(5): 457-63.
[150]. Shireman, J. V., D. E. Colle, and R. G.
Rottman. 1977. "Intensive Culture of Grass
Carp, Ctenopharyndogon idella, in Circular
Tanks." Journal of Fish Biology 11(3): 267-
72.
[151]. Shreenivasan, A. 1979. "Fish Production in
Some Hypertrophic Ecosystems in South
India." Devopment Hydrobiology
(Netherlands) 2: 43-50.
[152]. Singh, Y., 2003. Photosynthetic activity,
lipid and hydrocarbon production by
alginate-immobilized cells of Botryococcus
in relation to growth phase. J. Microbiol.
Biotechnol. 13, 687–691.
[153]. Stanley, J. G. 1974. "Nitrogen and
Phosphorus Balance of Grass Carp,
Ctenopharyngodon idella, Fed Elodea,
Egeria densa." Transcripts of the American
Fishery Society 103(3): 587-92.
[154]. Stratful, I., Brett, S., Scrimshaw, M.B.,
Lester, J.N., 1999. Biological phosphorus
removal, its role in phosphorus recycling.
Environ. Technol. 20, 681–695.
[155]. Suzuki, T., Yamaguchi, T., Ishida, M., 1998.
Immobilization of Prototheca zopfii in
calcium alginate beads for the degradation of
hydrocarbons. Process Biochem. 33, 541–
546.
[156]. Tajes-Martinez, P., Beceiro-Gonzalez, E.,
Muniategui-Lorenzo, S., Prada-Rodriguez,
D., 2006. Micro-columns packed with
Chlorella vulgaris immobilised on silica gel
for mercury speciation. Talanta 68, 1489–
1496.
[157]. Tam, N.F.Y., Lau, P.S., Wong, Y.S., 1994.
Wastewater inorganic N and P removal by
immobilized Chlorella vulgaris. Water Sci.
Technol. 30, 369–374.
[158]. Tam, N.F.Y., Wong, Y.S., 2000. Effect of
immobilized microalgal bead concentrations
on wastewater nutrient removal. Environ.
Pollut. 107, 145–151.
[159]. Tam, N.F.Y., Wong, Y.S., Simpson, C.G.,
1998. Repeatedly removal of copper by\
alginate beads and the enhancement by
microalgae. Biotechnology Techniques
[160]. treatment cycles. Process Biochem. 41,
1560–1565.
[161]. Truax, R., D. D. Culley, M. Griffith, W.
Johnson, and J. Wood. 1972. "Duckweed
For Chick
[162]. Ueno, R., Wada, S., Urano, N., 2006.
Synergetic effects of cell immobilization in
polyurethane foam and use of thermotolerant
strain on degradation of mixed hydrocarbon
substrate by Prototheca zopfii. Fish. Sci. 72,
1027–1033.
[163]. Ueno, R., Wada, S., Urano, N., 2008.
Repeated batch cultivation of the
hydrocarbondegrading, micro-algal strain
Prototheca zopfii RND16 immobilized in
polyurethane foam. Can. J. Microbiol. 54,
66–70.
[164]. University of Pennsylvania Press. Bardach,
J. E., J. H. Ryther, and W. O. McLarney.
1972. "Aquaculture: The Farming and
Husbandry of Freshwater and Marine
Organisms." New York: John Wiley & Sons.
Urrutia, I., Serra, J.L., Llama, M.J., 1995.
Nitrate removal from water by Scenedesmus
obliquus immobilized in polymeric foams.
Enzyme Microb. Technol. 17, 200– 205.
[165]. Valderrama, L.T., Del Campo, C.M.,
Rodriguez, C.M., de-Bashan, L.E., Bashan,
Y., 2002. Treatment of recalcitrant
wastewater from ethanol and citric acid
production using the microalga Chlorella
vulgaris and the macrophyte Lemna
minuscula. Water Res. 36, 4185–4192.
Ashtashil V Bhambulkar* et al.
(IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH
Volume No.2, Issue No. 4, June – July 2014, 1139 – 1150.
2320 –5547 @ 2013 http://www.ijitr.com All rights Reserved. Page | 1150
[166]. Van Der Houwen, J.A.M., Valsami-Jones,
E., 2001. The application of calcium
phosphate precipitation chemistry to
phosphorus recovery: the influence of
organic ligands. Environ. Technol. 22,
1325–1335.
[167]. Van Loosdrecht, M.C.M., Hooijmans, C.M.,
Brdjanovic, D., Heijnen, J.J., 1997.
Biological phosphate removal processes.
Appl. Microbiol. Biotechnol. 48, 289– 296.
[168]. Vilchez, C., Vega, J.M., 1994. Nitrate
uptake by Chlamydomonas reinhardtii cells
immobilized in calcium alginate. Appl.
Microbiol. Biotechnol. 41, 137–141.
[169]. Vilchez, C., Vega, J.M., 1995. Nitrate
uptake by immobilized Chlamydomonas
reinhardtii cells growing in airlift reactors.
Enzyme Microb. Technol. 17, 386– 390.
[170]. Voltolina, D., Cordero, B., Nieves, M., Soto,
L.P., 1999. Growth of Scenedesmus sp. In
artificial wastewater. Bioresour. Technol.
68, 265–268.
[171]. Voltolina, D., Gomez-Villa, H., Correa, G.,
2004. Biomass production and nutrient
removal in semicontinuous cultures of
Scenedesmus sp. (Chlorophyceae) in
artificial wastewater, under a simulated day–
night cycle. Vie Milieu 54, 21–25.
[172]. Voltolina, D., Gomez-Villa, H., Correa, G.,
2005. Nitrogen removal and recycling by
Scenedesmus obliquus in semicontinuous
cultures using artificial wastewater and a
simulated light and temperature cycle.
Bioresour. Technol. 96, 359–362.
[173]. W. S., and D. D. Culley. 1978. "The Uses of
Duckweed." American Scientist. 66(July):
442-51.
[174]. White, C., Sayer, J.A., Gadd, G.M., 1997.
Microbial solubilization and immobilization
of toxic metals: key biogeochemical
processes for treatment of contamination.
FEMS Microbiol. Rev. 20, 503–516.
[175]. Wilde, E.W., Benemann, J.R., 1993.
Bioremoval of heavy metals by the use of
microalgae. Biotechnol. Adv. 11, 781–812.
[176]. Wilkinson, S.C., Goulding, K.H., Robinson,
P.K., 1990. Mercury removal by
immobilized algae in batch culture systems.
J. Appl. Phycol. 2, 223–230.
[177]. Wolverton, B. C., R. M. Barlow, and R. C.
McDonald. 1976. "Application of Vascular
Aquatic Plants for Pollution Removal,
Energy and Food Production in a Biological
System." In J. Torbier, and R. W. Pierson,
eds., Biological Control of Water Pollution
141-49.
[178]. Yabur, R., Bashan, Y., Hernández-Carmona,
G., 2007. Alginate from the macroalgae
Sargassum sinicola as a novel source for
microbial immobilization material in
wastewater treatment and plant growth
promotion. J. Appl. Phycol. 19, 43–53.
[179]. Yamaguchi, T., Ishida, M., Suzuki, T., 1999.
An immobilized cell system in polyurethane
foam for the lipophilic micro-alga
Prototheca zopfii. Process Biochem. 34,
167–171.
[180]. Zhang, E., Wang, B., Wang, Q., Zhang, S.,
Zhao, B., 2008. Ammonia–nitrogen and
orthophosphate removal by immobilized
Scenedesmus sp. isolated from municipal
wastewater for potential use in tertiary
treatment. Boresour. Technol. 99, 3787–
3793.
[181]. Zhang, L., Huang, G., Yu, Y., 1998.
Immobilization of microalgae for
biosorption and degradation of butyltin
chlorides. Artif. Cells Blood Substit.
Immobil. Biotechnol. 26, 399–410.
